Previous reports from our group have demonstrated the association of molecular mimicry between cardiac myosin and the immunodominant Trypanosoma cruzi protein B13 with chronic Chagas' disease cardiomyopathy at both the antibody and heart-infiltrating T cell level. At the peripheral blood level, we observed no difference in primary proliferative responses to T. cruzi B13 protein between chronic Chagas' cardiopathy patients, asymptomatic chagasics and normal individuals. In the present study, we investigated whether T cells sensitized by T. cruzi B13 protein respond to cardiac myosin. T cell clones generated from a B13-stimulated T cell line obtained from peripheral blood of a B13-responsive normal donor were tested for proliferation against B13 protein and human cardiac myosin. The results showed that one clone responded to B13 protein alone and the clone FA46, displaying the highest stimulation index to B13 protein (SI = 25.7), also recognized cardiac myosin. These data show that B13 and cardiac myosin share epitopes at the T cell level and that sensitization of a T cell with B13 protein results in response to cardiac myosin. It can be hypothesized that this also occurs in vivo during T. cruzi infection which results in heart tissue damage in chronic Chagas' disease cardiomyopathy.
Chronic Chagas' disease cardiomyopathy (CCC) is the most important clinical form of Chagas' disease, characterized by dilated cardiomyopathy that may lead to a fatal outcome, affecting about 25-30% of infected individuals 5-30 years after primary infection (1, 2) . Although the infectious etiology of Chagas' disease is beyond doubt, the direct role of Trypanosoma cruzi in the pathogenesis of chronic Chagas' disease cardiomyopathy is still a subject of debate. The presence of a diffuse, T cell-rich lymphomonocytic infiltrate with attending cardiomyocyte damage, along with the scarcity of T. cruzi parasites in situ (3) (4) (5) (6) , implicates infiltrating T cells as the ultimate effectors of heart tissue damage. T cell clones infiltrating CCC heart lesions from areas devoid of T. cruzi have been reported to recognize cardiac myosin in molecular mimicry with T. cruzi proteins (7); others have suggested that, where present, T. cruzi may elicit a focal T cell infiltrate in the affected heart (8, 9) .
Several lines of evidence argue against a direct role of the parasite and support autoimmunity as the pathogenic mechanism underlying CCC, i.e., the long time from primary infection to cardiac disease (1), the scarcity of parasites in the heart T cell-rich inflammatory lesion (6) , and the passive transfer of heart lesions by CD4+ T cells from T. cruzi-infected mice (10) .
The best established autoimmunity-inducing mechanism is molecular mimicry (11, 12) whereby a response to an epitope from an infecting pathogen can elicit antibodies or T cells that can by crossreaction recognize homologous epitopes on self-antigens. Since the 1970's, several groups have published evidence of molecular mimicry at the antibody level in experimental and human Chagas' disease, but they failed to demonstrate that crossreactive antibodies are associated with CCC or other symptomatic clinical forms of Chagas' disease, or the postulated crossreactive self-antigen was not expressed specifically in target organs in Chagas' disease, as reviewed recently (13) .
Cardiac myosin is the most abundant heart protein, and a major heart-specific autoantigen for both CD4+ T cells (14) and antibodies (15) in murine models of CCC, which suggests its possible relevance in human disease.
While searching for a candidate sequence which defined heart-specific self-antigen in molecular mimicry with T. cruzi, we identified a heart-specific epitope (residues 1442-1447, AAALDK) of cardiac myosin heavy chain which displayed molecular mimicry with a secondary epitope (hexapeptide AAAGDK from 12-mer tandem repeats) of the immunodominant recombinant B13 protein from T. cruzi (16) . Cardiac myosin-B13 crossreactive antibodies were present in 100% of CCC sera tested but only 14% of the asymptomatic sera tested showed a statistically significant difference (P = 2.3 x 10 -6 ). At the T cell level, it has been shown that T cell clones obtained from the heart lesions of CCC patients crossreactively recognize cardiac myosin and B13 protein, while showing no response to T. cruzi lysate or other recombinant T. cruzi antigens (7). The finding of such crossreactive clones in the heart of a CCC patient may suggest that a T cell clone specific for B13 and stimulated upon contact with T. cruzi recirculated to the heart where it could be reactivated after finding a B13 crossreactive myosin epitope.
In order to test the hypothesis that primary sensitization to B13 protein elicits clones that are crossreactive to cardiac myosin, we generated a B13-specific T cell line from a non-T. cruzi-infected individual who displayed a positive peripheral blood proliferative response to B13 (SI = 3.0). We have recently found that some normal, non-T. cruzi-infected individuals respond to T. cruzi B13 protein tandem repeats in the absence of prior contact with T. cruzi (17) , probably by crossreactive recognition of a B13-like ubiquitous epitope (Abel LCJ, Rizzo LV, Faé KC, Albuquerque F, Goldberg AC, Ianni B, Mady C, Cunha-Neto EC and Kalil J, unpublished data). That the T cell response to recombinant B13 in normal individuals is directed to the T. cruzi-derived tandem repeat sequence is further demonstrated by the absence of response to ß-galactosidase (the fusion protein support) and the response to B13-derived synthetic peptides (data not shown). Furthermore, B13 is recognized in an MHC-restricted manner even by normal individuals, thus dismissing a putative superantigenicity of B13 protein (Abel LCJ, Rizzo LV, Faé KC, Albuquerque F, Goldberg AC, Ianni B, Mady C, Cunha-Neto EC and Kalil J, unpublished data). Recognition of Plasmodium falciparum (18, 19) and T. cruzi (20) antigens by peripheral blood mononuclear cells (PBMC) from non-exposed donors has been previously observed. The T cells responsive to P. falciparum presented a CD4+, CD45 Ra+ phenotype (21) and are thought to be sensitized to ubiquitous crossreactive antigens.
In the present study, clones were derived from a B13-specific T cell line established from peripheral blood of T.cruzi-seronegative individual FA (presenting an HLA class II profile: DR1, DR4/DQA1* 03,0101/ DQB1* 0501,0302), displaying a positive primary PBMC proliferative response to B13.
The establishment of the T cell line and clones was essentially as described by Sinigaglia et al. (22) . Briefly, PBMC (2 x 10 6 /well, 24-well Corning culture dish) were incubated with B13 protein (5 µg/ml) in 1 ml of complete medium (Dulbecco's modified Eagle's medium + 10% inactivated human serum + penicillin/gentamicin, sodium pyruvate and L-glutamine). Six days later, 20 U/ ml recombinant human IL-2 (Hofmann La Roche, Nutley, NJ) was added to the culture medium, and IL-2-containing fresh medium was then added every three days. One week later, the line was expanded by re-stimulation with phytohemagglutinin (PHA, 5 µg/ ml), 20 U/ml IL-2 and irradiated (5000 rads) PBMC (10 6 /well), and after an additional two weeks lymphoblasts were cloned by limiting dilution (0.3 cells/well) in the presence of irradiated PBMC (10 4 /well), and PHA (5 µg/ml) in complete medium with 20 µl/well on Terasaki plates. Growing clones from Terasaki wells were transferred to 24-well plates and expanded by further cycles of stimulation with PHA + irradiated PBMC in the presence of IL-2 as above. Eight such clones reached adequate numbers and were subject to antigen-induced proliferation assays.
As shown in Figure 1 , two clones displayed positive proliferative responses to B13 protein. While clone FA23 recognized B13 protein exclusively, clone FA46, which displayed the highest proliferative response to B13, also responded significantly to human cardiac myosin heavy chain. None of the clones studied recognized the unrelated peptide antigen 313 of Streptococcus pyogenes M5 protein (163-177).
Our results show that sensitization by T. cruzi B13 protein may elicit T cell clones capable of displaying crossreactive recognition of human cardiac myosin heavy chain.
Given the fact that T. cruzi can induce both macrophage costimulatory activity (23) and IL-12 production in mice (24) and humans (Cunha-Neto E, Rizzo LV, Abel LCJ, Albuquerque F, Bocchi E, Bacal F, Carrara D, Mady C, Ianni B, Gazzinelli RT, Almeida IC, Travassos L and Kalil J, unpublished data), it is possible that T. cruzi infection may fully trigger the pathogenic potential of crossreactive T cells in individuals who carry them. Together with the finding of B13-cardiac myosin crossreactive T cell clones in the heart infiltrate of CCC patients (7), the present data lend support to the idea that T cell clones sensitized at the periphery by B13 during T. cruzi infection may migrate to the heart and participate in heart tissue damage in CCC. B13 protein was prepared as described elsewhere (25) , applied to a polymyxin B column to remove endotoxin as described previously (26) , and used at a final concentration of 5 µg/ml. A human cardiac myosin heavy chain nitrocellulose suspension was prepared as described previously (16) . Unrelated M5 protein peptide 313 (p313) was prepared using Merrifield solidphase t-Boc technology and tested at 5 µg/ml. The results are reported as mean ± SD stimulation index (SI) (test cpm/control cpm). SI values >2.0 (dotted line) were considered to be positive. ------------------------------------
